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side rainfall was almost everywhere moderate, although a few 
slides were reported from the C. R. Railroad in the valley of 
Reventazon. 

Nd:s 011 eal.tliqunkrs.-October 5, 5?h 13”‘ a. in., slight shock 
NE-SE., intensity 11, duration 13 seconds. Also reported 
froin Tres Rios. 

A STUDY OF THE SUMMER FOGS OF BUZZARDS BAY. 

Fog is moderately frequent in suiiiiner over B L I Z Z ~ ~ ~ C ~ S  Bay 
on the south coast of Massachusetts. It occurs irregularly, 
without apparent system, and lasts for periods varying from 
a few hours to  several days. There are no obvious weather 
changes iminecliately preceding the visitations of these fogs 
which might suggest their cause. The irregularity of their 
occurrence ancl duration make thein an interesting study. 

North of Cape Cod, in Massachusetts Bay, the water of the 
ocean quite to the shore is notoriously chilly; tlie fogs are 
po1)ularly attributed to the cooling of nioist air from the Gulf 
Stream by the Labrador current along the coast. But on the 
southern shore of RIassachusetts tlie wnter is so much mariuer 
that ocean bathing is comfortable in siiiuiiier and tliere is 
little to suggest an arctic current. 

Ratliation, or ground fog, is rare here a t  tliis season. and 
breezes from tlie land are seldoiu cool eiiougli to coiideiise 
the vapor rising froin the w arm surface water of the lmy. The 
fogs that coiniiioiily occur here in J~ i ly ,  August, and Septeiu- 
ber usually come with soutliwesterly \\ inds, nliich are the pre- 
vailing winds of summer. These winds b l o ~  daily with inuch 
regularity, augmented by the sea breeze, and interrupted uiily 
by occasional errant highs and lows. But only a siuall per- 
centage of these southwesterly winds, coming in cool from the 
ocean, are attended with fog, though the high temperature of 
the shsllow waters of tlie bay and souncls. and the large vapor 
content of  the lower air would seem to constitute conditions 
fsvorsble to local coiidensntiou. 

The 
requisite degree of saturation niay be Caused either by an in- 
crease of vapor pressure, or by a reduction of the temperature 
or by both in combination. I n  the absence of observations 
with thermometer and hygrometer i t  is iinpossilde to know in 
what proijortions these two factors contriliute to produce a fog. 

To fully uiiclerstand the phenomenon of fog formation it is 
necessary to know the cause of  the reduction of tlie tempera- 
ture, and the source of the vapor increment. Since the cool- 
ing may coine from radiation, concluc*tion, acliabatic espaiision, 
or misture with colcl air froin elsewhere. ani1 the aclcled vapor 
may come from local evaporation or from iuoist air currents, 
i t  is not always a siiiiple matter to determine how a fog lins 
been foriued. Tlie problem becomes still inore difficult when 
the fog to  be studied has been blown inland from the sea where 
little is known of the mean conditions of water teniperature 
and air moisture, and less concerning their daily fluctuations. 

Moreover in most places fog occurrence is not periodic, hu t  
is so irregular as to be apparently without any system. 

The Bay of Sail Francisco furnishes a particdarly interesting 
case of periodic sea fogs which are thus described by Prof. A. 
0. RlcAdie in the MONTHLY WEATHER REVIEW, July, 19V0, 11. 2S4. 

aklikc regularity in  the vii.inity o f  the Golilen Gate 011 
tht, velocity of the win11 &e> to aliout 22 iiiileh per 

hour and through the gate vonieh a st>li of fog, a\-eraging 150U fwt 
in  height, aiid causing a fall iu the tnii re to t ibO1lt  that Of the Set%, 
nauiely 55’;’ 15OV feet alwve, the air ih t.lrar and 2Uo or 31J0 warmer. 

The fog photographs accoinpnnyiiig the text in Bulletin 81 
are remarkably beautiful. I n  the interesting Fog Studies 
which are devoted to the consitleration of these Sail Francisco 
Bay fogs.* Professor XIcAdie concludes: 

TVeatlier Bureau Bulletin Nu. 31, p. 3’3. 

By Mr. FRANK \v. I’ROCTOR, datrll Fairhnwo,  hJn\* , 0 C t V b W 2 5 ,  1903 

Every one knows that fog is  conileiisecl aqueous vapor. 

- 

*Weather Review, August and Norriuber, 1900, and January, 19V1. 

It i s  more probable that condensation is the result of the sharp tem- 
perature contrasts at the boundaries of  certain air currents having dif- 
ferent temperatures, humidities, and velocities, ant1 that. the contours of 
the land play an important part in originating and directing these air 
currents. The suminer afteriioou fogs of the San Francisco Bay region 
are the11 prol)alily due to mixture inore than radiation or expansion. 

The summer fogs of the east coast of Massachusetts have 
been studied by Clayton. He concludes that they are clue to 
the flowing of a warm, clamp, air current from the south over 
a very cold westward current OE the water. 

Internristure of these two currents g o e ~  on until they are churned to 
the liuttom.” 

Neither of the foregoing explanations of fog formation 
seeius to suit tlie case of the summer fogs of Buzzards Bay. 
Here there are no hills u r  mountains as arouncl San Francisco, 
and tliere is no crossing of air currents as observed by C’lay- 
ton on the east coast of Massachusetts. 

On fog days both the upper and lower winds blow from 
substantidly the same direction, viz, southwesterly. 

I n  order to study these fogs, the writer, during the summers 
of 1901 a i d  1902, matle tri-daily observations of temperature, 
inoisture, bitroinetric pressure, wind direction, ani1 velocity, 
and noted every case of fog furinatioii, except when asleep at  
night. The station of observatioii is on Sconticut Neck, which 
extends southwart1 into B L I Z Z ~ ~ ~ ~ H  Bay on tlie east side of New 
Bedforcl Harbor. 

It enrly became apparent that there is a relation hetween 
the air pressure and the np1)earanc.e of fog, and the conipleted 
records for the two seasons show that there was no iiistaiice 
of fog when the controlling conditions mere anticyclonic. 
This, in part, explains why these fogs as a rule form only 
when the wind is southwesterly and not when equally cool 
ocean minds come in from southeast and south. As long as 
the winds come from southeast and south the conditions are 
a t  this senson usually anticyclonic, itncl bhe air is too dry for 
fog. By the time the wind has veered to southwesterly the 
pressure ancl circulation have ~ i ~ ~ i ~ l l y  become either normal 
or characteristic of an approaching cyclone. 
In summer there is usiially it haze over the water which 

looks like an inlancl suiniiier haze, but  here it is evidently of 
aqueous origin, for i t  is found when the winds are from sea- 
ward. It is of variable tenuity, bu t  in ordinary fair weather 
it is generally dense enough to make the blufis of the Fal- 
mouth shore, 11 miles across the bay, iiiiisible from this sta- 
tion. It is in fact thin fog, though we are not accustoinecl to 
call visible aqueous vapor in the air fog until it is dense 
enongli to eclipse olbjects near a t  hanil. I n  making entries of 
fog observations it is often difficult to decide whether this veil 
over  the nater  should be cnlletl fog or haze; one grades into 
the other insensibly. 

The descending dry air of a pashing anticyclone always dis- 
sipates this haze, leaving the air beautifully transparent, and 
brings clearly to view single houses on the Falmouth shore. 
The contrast is very striking. At such times the sky is some- 
times entirely overcast with high stratiform clouds, mostly 
strato-cumulus, apparently &owing that the descending air is 
confined to the lower strata. This entirely clear condition of 
tlie air is always of short duration. The haze persistently re- 
turns. and is present much the larger part of the time. The 
psychroineter also shows that the normal condition on shore 
liere during July, August, and September is one of high abso- 
lute humidity favorable to fog forination, occasionally and 
briefly interrupted by nuticyclonic dry air, but  ordinarily the 
ninouiit of vapor falls a little too short, and the temperature 
liolcls a little too high to permit the intense condensation 
cdled fog. For  the two seasons, during the periods of ob- 
seriation, the percentage of foggy clays in the ordinary sense 
was 21.5. This iioriiial condition of high humidity, however, 

3 Weather Bureau Bulletin No. 31, p. 35. 
_ _ _ _ _ ~ ~ ~  
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is favorable for conserving any fog that may be translated 
hither. 

It is customary to speak of saturation as a critical condition 
depending upon a vapor pressure which is constant for a 

can occur, and which if exceeded is always followed by con- 
densation. 

Under this theory i t  is dificult to account for the presence 
of the watery haze that is usually found over the bay in sum- 
mer, even with low relative humidities. 

The persistent aqueous haze over the bay with winds from 
seaward, seems to indicate not only that the saturation temp- 
erature is different for different kiiiils of nuclei, but alho that 
under ordinary conditions the variety of suitable nuclei is 
large enough to make condensation a gradual process rather 
than a catastrophe a t  a certain critical vapor pressure. This 
haze was observed with a southerly wind aiicl with n relative 
humidity on shore as low as 52 per cent by sling psychrometer. 
The difference between the shore huniiclity and that over the 
bay can not be large, for where the observations were made 
the neck of land is only about one quarter of a mile wide, with 
$4; miles of water on one side am1 11 miieb: on the other. 

In  general the transparency of tlie air increases and de- 
creases inversely with the vapor pressure niid the relative liu- 
midity, as sliowii by tlie psychroineter, but  the changes of 
opacity do not follow with equal step either the dew-point or 
the relative humidity. I n  a few cases the divergence is nota- 
ble. I n  tlie case cited the air was hazy, with a relative liu- 
inidity of 52 per cent, ancl a t  another ohserration i t  was clear 
a t  85 per cent. Whenever the air was clear, with high hu- 
midity, absolute or relative, the conditions were unusnally 
anticyclonic or the temperature low. Occasionally the trans- 
parency increased with increasing relative humidity, and some- 
times, though less frequently, with a rising dew-point. 

Single cases of the occurrence of transient aqueous haze or 
denser fog, wlieii the relative huniidity by the psychrometer 
is less than 100 per cent, can be ttccountecl for by mixture of 
saturated foggy air with air of lower relative humiclity. If 
the mixture is nearly saturated the fog will evaporate slowly. 

But i t  is unlikely that the persistent haze mentioned is 
caused in this may; for i t  wonlcl require a region to windward 
with nearly curttinuoils fog, which has not been observed. 

Generally fog is not a condition of complete saturation of 
the air, but  a saturation of certain foci with drier interspaces. 
The sling psychrometer showed a relative humidity of 100 per 
cent only twice during the two seasons with 51  total cases of 
fog. The delicate adjustment of moisture and temperature 
conditions accompanying tlie formation and dissipation of fog, 
or the effect of dust  or other nuclei for condensation are shown 
by the fact that fog is sometimes seen to thicken, clissipate, 
and even clisappear, under stationary conditions of dew-point, 
temperature, nncl wind, when the temperature is read to nalf 
degrees ancl tlie clew-point computed from tables with half 
degree intervals. 

The rate of increase of the vapor pressure after the passing 
of an anticyclone is extremely variable. The dew-point has 
been seen to rise 20" within twenty-four hours. At other 
times the absolute liumiclity might be R week in making the 
same increment. In  order to readily see what changes of tem- 
perature and clew-point nsnally precede the appearance of 
fog, the temperature and dew-point observations were plotted 
and curves drawn. It a t  once became apparent that the ante- 
cedent conditions are a simultaneous rise in the dew-point and 
a fall of temperature. 

Evaporation from the surface of the warm, shallow waters 
of the bay and sounds suggests itself as a possible source of 
the vapor increment, and the lower temperature of the ocean 
surface outside of the islands as the source of the cooling. 
But on reflection it is seen that an increase of vapor pressure 

given temperature and must be reached before condens a t' 1011 

due to local evaporation would not be so sudden as the rise of 
the dew-point curves just prior to the appearance of fog, and 
that i t  would take but a short time for an inshore wind to blow 
away the accumulated excess of vapor from these limited re- 
gions of warm water. Evaporation woiilil not go on fast 
enough to supply sufficient vapor for a fog last,ing for days 
with a continuous southwesterly wind. The further ai%- 
cultg arises that this woulcl not account for the intermittent 
character of the cooling which precedes the fogs, for the cool 
sea breeze comes in almost daily. 

Accordingly tlie scene of inquiry iiiust be shifted seaward. 
A comparison of the fog records of the Vineyard Sound Light- 
vessel (lying 1ti miles to windward, south-southwest) on fog 
clays; of the Gay Head Light-house (16; miles to windward, 
south), and of the Block Island Southeast Light-house (42 
miles to windward, southwest), with the shore observations, 
shows that these offshore stations, almost without exception, 
1i:td fog on the clays when it was observed on shore, and also 
on many other days when i t  did not appear on shore. Evi- 
dently then the fogs are formed some distance a t  sea and are 
brought ashore by the winds. This view is also confirmed by 
the sharp rise in the dew-point curves just prior to fog occur- 
rence while the temperature curve is descending. As might 
be expected the curves show that in general (when free from 
the drying influence of  high pressure areas and of winds from 
the interior) the vapor pressure rises with the temperature. 
But the suclileii increase of absolute humidity with lower tem- 
perature indicates that tlie cool inflowing foggy air must at  
some time earlier have been warmer than the &ore air which 
i t  displaces in order to have accumulated the extra moisture. 
To find water (am1 therefore the lower air) warmer than that 
of the shoal waters of the coast i t  is necessary to go many 
miles out to sea. 

The North Atlantic Pilot Charts of the United States Hydro- 
graphic Office show that ocean fogs occur throughout the year 
over the shallow waters extending from the shore out to the 
100-fathom curve all along the coast from Hatteras to New 
Foundland, and thence eastward in a narrow belt across the 
Atlantic. Off the coast of the Southern States the 100-fathom 
curve runs substantially parallel with the shore line about 85 
miles distant. From Virginia the distance gradually widens 
to 105 miles south of Cape Coil ancl to 180 miles south of New- 
foundland, where the curve turns sharply southeastward and 
off Cape Race is 300 miles from shore, being there the outer 
boundary of the Grand Banks. 

The area of the fog belt ancl the frequency of occurrence 
vary with the season, but being greatest in June ancl least in 
February. To the westward of the sisty-sixth meridian, which 
runs near Cape Sable, Nova Scotia, the distribution of fog re- 
ported by vessels, as shown on the Pilot Charts, corresponds 
very closely with actual fog occurrence up to within-lo of the 
shore line, in the opinion of the Hydrographic Office. 

The southern limit of summer fogs off the shore of Buz- 
zards Bay is about 125 miles distant, the region of greatest 
frequency being about half that distance. To the south of 
the bay, outside of the first one-degree belt, these charts show 
for *June a fog frequency exceeding that observed on shore; for 
July and August about the same frequency as on shore, and 
for September less than on shore. To the southwest of the 
bay, whence most of the shore fogs come with the prevailing 
winds, the frequency, beyond 1" from shore, is greater than 
the shore frequency for June, and less for the rest of suni- 
mer. After June the line of maximuni frequency evidently 
moves shoreward. Sufficient observations are wanting for the 
GO miles nest to the shore, but  that the masimum does not 
reach the shore is made evident by the suclden rise in the 
clew-point just before every appearance of fog. 

The more frequent occurrence of fog in the region south 
and southeast of the bay than in that to the southwest would 
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naturally be expected to  make the southeast and south winds 
more frequent carriers of fog to  the shore than winds from 
the southwest. The reason why this is not the fact seems to 
be, in part, that  the southeast and south winds here in summer 
are usually anticyclonic, and the downward component of mo- 
tion partially dissipates the fog, and, in part, that to the south- 
ward and southeastward there are intervening islands, which 
tend to dry the incoming winds. 

The June maaimum, which is found generally along the At- 
lantic fog belt, does not occur in Buzzards Bay, partly because 
the summer monsoon has not yet become well enough devel- 
oped to bring the fog in, and partly because the air over the 
waters near the shore and the land is yet sufficiently dry to 
evaporate some of the incoming fog. 

Since the shore fogs of the bay are mainly blo\vn in from 
the ocean fog belt, which skirts tlie coast of the United States 
and the Provinces, a study of tlie formation of the shore fog 
involves that of the main belt. 

The Annals of the Deutsche Seewarte for 1897, Par t  IS, con- 
tain for each month of the year fog charts of the North Atlan- 
tic, west of 40' west, based upon the total number of cases of 
fog occurrence observed ancl reported by Dutch and German 
vessels within one-degree square for a period of twelve years 
from longitude 40' to GO' west (mid-ocean to Cape Breton 
Island), and for twenty-one gears from 60' to 70" west ( C a p  
Breton Island to Cape Cod). 

The occurrence of fog in the eastern half of the Atlantic ih 
not charted because i t  does not occur frequently enough to be 
deemed a substantial menace to navigation. This region is, 
however, covered by the fog charts of the United States Hy- 
drographic Ofice for the months of July to Deceniber for the 
three years 1899 to 1901. 

I n  the German charts there is entered in each one-degree 
square the whole number of observation hours aiicl the per- 
centage of the whole on which fog occurred. Lines of equal 
percentage of fog frequency are drawn through these squares 
to assist the eye in following the fog distribution. 

It is the custom for steamships between the Uuited States 
and Europe to follow in general a certain track or lane of 
moderate width on the outward rogage and another on the 
homeward voyage ; consequently the weather observations are 
unequally distributed over different regions of tlie Atlantic 
and more cases of fog occurrence are likely to be observed 
within those limited belts which are traversed by the largest 
number of vessels. On this account care shoulcl be exercised 
in inferring the actual distribution of fog from the observed 
distribution. 

Along these routes also the observed fog frequency is likely 
to  be nearer the actual frequency by reason of the larger 
number of observations. 

The entry of the whole number of observations in each 
square shows the distribution of the observations, and enables 
one, in a measure, to estimate the effect of unequal distribu- 
tion of observations upon the lines of relative fog frequency. 

The Monthly Fog Charts of the United States Hyclrograpliic 
Office for tlie months January to June are based upon tlie Cter- 
man charts. For the remainder of the year they give the re- 
sults of the observations of all vessels reporting to the Hydro- 
graphic Office for the three year period 1899-1901. I n  each 
one-degree square is entered the number of observed fog clays 
in every hundred. There is nothing to indicate the total 
number of observations or their distribution. 

The figures of fog frequency on the German and American 
charts relate to such long periods of time that  the charted 
belt in the North Atlantic where fog has been observed ex- 
tends unbroken entirely across the ocean from tlie United 
States t o  Great Britain. The lines of equal frequency show 
broadly that  there is an axis of iuaximum actual fog occur- 
rence lying along the coast of the United States and the 

Provinces inside the 100-fathom curve 8s far as the Grand 
Banks of Newfoundland, where i t  turns northward and east- 
ward and crosses the Atlantic to  Cheat Britain with a fre- 
quency diminishing rapidly after leaving the Grand Banks. 
The frequency also diminishes rapidly to the southward, so 
that  on the southern edge of this belt the region of charted 
zero fog occurrence is within the district frequently traversed 
by vessels, ancl is not a long distance south of the axis of 
maximum frequency. It is the opinion of the United States 
Hydrographic Office that the southern limit of charted fog 
approximates pretty closely to  the southern limits of actual 
fog occurrence. On the north the observations are much less 
numerous, and the distribution of fog in that direction is not 
SO certain. but the frequeiicg appears to  decrease also toward 
the north, aiicl there are reasons for expecting such a diminu- 
tion. 

The purpose of these charts is only to show to the mariner 
the probability of  encountering fog. They give no indication 
of the actual clistrilmtion of fog at  any instant or of tlie other 
atteuclnnt weather conditions which are needed in considering 
how the fog is formed. 

The Uiiitecl States Weather Bureau collected and published 
monthly, in the WE~THER RETIEM, current observations of ocean 
fog weht of 40' west, from 1886 to 1895, and for nearly the 
wliole period iiioiithly charts of tlie same were published. 
For more than two years of this period, viz, froin November 
1886 to December 18W, detailed analytical suimiaries of the 
conditions attending each case of fog forination, especially 
with reference to cyclones ancl anticyclones and the resulting 
winds and the presence of ice on the Grand Banks, were given 

From the charts and sumniaries i t  is seen that the fog belt, 
which is shown as continuous on the Hydrographic Office and 
Seewarte chart,s, breaks up when charted monthly into a few 
separat>e areah which from time to time extend and contract 
their limits, but  which tend to be persisteut over certain defi- 
nite regioiis, riz, over the Banks of Newfoundland, tlie Sable 
Islancl Banks, Georges and Nantucket shoals, and along the 
United States coast southmard. These loci of maximum fog 
occurrence are all in the comparatively shoal maters inside tlie 
100-fathoin curve, ant1 are divided from one another by arms, 
of deeper water extending shoreward from the adjacent ocean 
deeps. 

On comparing the various fog charts with the charts of North 
Atlantic surface isotherms by Iirfiminel, published in Agassiz's 
Three C'ruises of the Rkikr, i t  is seen that the portion of the 
fog belt from tlie (franc1 Banks mestward is over cold water 
mliicli has close alongside to the southward the warm waters 
of the (fulf Streaiii and adjoining branch of the equatorial 
current,. The temperature gradient is SO steep that over and 
just south of the (franc1 Banks there is a fall of surface tem- 
perature in September of $0.6' F. in 330 miles and in March 
of 38.8' in 120 miles. A sharp teiuperature contrast exists 
all along the fog belt from Hatteras to Newfounclland. East 
of the (franc1 Banks the surface isotherms bend sharply to the 
north and then eastward in the latitude of Newfoundland, but 
with rapidly increasing intervals, showing a marked decrease 
in the surface temperature gradient). But i t  is significant that 
tlie axis of niaximuni fog frequency continues to follow the 
direction of the isotherms, just as i t  does west of Newfound- 
land. This is precisely what would be found if these fogs 
were cansecl by vapor blown transversely across the isotherms 
and cooled by [radiation to] the water. 

The WEATHER REVIEM mont lily summaries show that  in nearly 
all tlie cases tlie occurrence of fog west of 40' west was attended 
by the easterly or southerly winds of cyclones and that tlie fog 
mas denser than wheu the wind came from other quarters. 

The observations of surface ocean temperatures by the United 
States Fish C'oiiiniission, Coast Survey, and other occasional 

Illonthly. 
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observers, notably the British steamship Challenger, show that 
there is a belt of cold water lying along the Altantic coast of the 
United States. This belt is flanked on the outside by the warin 
waters brought from the Tropics by the Gulf Stream and the 
adjacent Atlantic branch of the equatorial current. These ob- 
servations also show that tlie surface waters of the (iulf Stream 
and of the outer portion of the cold coast water are streaked 
with alternate warm and cold longitudinal bands, with sliarp 
temperature contrasts a t  their margins. These bands are 
continually changing their actual and relative positions. 

Lieutenant Pillsbury, in his Memoir on the Gulf Stream,4 
says there is no perceptible current flowing southward along 
the United States coast inside of the Gulf Stream, though tlie 
Hydrographic Ofice charts show traces of one. and Alexander 
Agassiz found a t  Newport, R. I., niarine animal life lielouging 
to the arctic fauna, which he says is direct evidence that the 
c*old arctic current finds its way rouncl Cape Coil to the open- 
ing of Narragansett Bay. 

But whether it lie appropriate to  call this the Lalmdor  cur- 
rent or not, there is no clispute that i t  is  cold water in shsrp 
contrast with the temperature of the water lying just outside, 

of the Labrador c ~ r r e n t . ~  
As far south as Hatteras the 100-fathom curve is sii1)stan- 

tially the tlivicling line a t  the surfsce 1)etween the (fulf Stream 
and the cold coast maters. 

The slope of the continental slielf is T'ery gentle out to the 
100-fathom curve, where i t  su~lclenly lwcoiiies steep and de- 
scends to the 1000-fathom line within a few miles. Outside 
of the 100-fathom line the arctic current unclerruiis the (fulf 
Stream current. 

We have seen that  tlie 100-fathoni curve is also substantially 
the southern limit of the Atlantic fog which forms over the 
cold shallow waters lying just north of the curve. The editor 
of the W E ~ T H E R  REVIEW concluclecl that  the cooling over the 
arctic current of warm moist air brought from over the Gulf 
Stream by the easterly and southerly cyclonic winds usually 
attending fog occurrence is the efficient cause of the conclensa- 
tion of most of the fog. It mas apparently assuinecl that tlie 
moisture and cooling were suficient in amount to produce the 
effect. and the question of tlie niethocl of cooling, whether 
direct or by mixture of air masses, was not clistinctly raise,l. 

According to Iiriiiumels charts of surface isotherins of the 
North Atlantic the mean temperature in September of  the 
ocenn water in the latitude ancl longitude of Cape Cod is G S " ,  
ancl 370 miles south the temperature is  SO.6". 

There are a t  hand no data of relative humidity over the 
open ocean. The average relative humidity of all the West 
India Weather Bureau stations for 1900 was 79.4 per cent with 
a niean te lqera ture  of 78.6'. Judging from this i t  is not 
likely that the vapor a t  the point mentioned, 270 miles soutli 
of this coast. is more than SO per cent saturatecl, ancl the 
hiiiniclity of  the air a t  67" near the shore is consiclerably 
smaller. 

But  assuming a relative humidity of 80 per cent for both 
boclies of air there is no mixing ratio which mould produce 
conilensation, as will readily be seen by projecting the satura- 
tion curve and plotting the temperatures and humidities of 
tlie two air constiduents according to von Bezolcl's graphic 
method. In  order to saturate air at, SO.6" temperature and 

per cent relative humiditj- by misture, the other coiiipo- 
iient mould have to be as cold as 55' with a relative huniidity 
of 1(JO per cent. 

, 

antl, so far as temperature goes, i t  is a practical continu a t' 1on 

Olwionsly then these fogs are not produced by mixture. 
But in traversing tlie cold water surfaces to  the iiortliward 

tlie warn1 moist air from the south must lie cooled by conclnc- 
* A~~peni l i s  10, ITuitecl State5 Coast anil (hvtlrtic' Siin ey Bniui,zl Rei 

5See bgrtssiz's Time Cruihes vf tlrr Blnke. 

-~ - 

1HYO. 

tion and by radiation. Direct cooling is much inore efficient 
in causing fog than cooling by mixture. Air  a t  S0.6' and 
relative humidity of 80 per cent would need to be cooled only 
to 78" to become saturated. 

It seeins likely that uiicler the conditions nninecl, a thin 
stratum of the warin air just above the surface of the water 
woulcl, by contact with the colder water and by the gentle 
stirring of its own mass caused by friction with the water sur- 
face, brcoine cooled sufficiently for conclensation, in a journey 
considerably shorter than 270 miles. 

These conditions of propinquity of warm, nioist air and cold 
water surface with the necessary winds to carry the vapor over 
the coli1 surfaces are found in varying degree over the entire 
North Atlantic fog belt. I n  general wherever the highest 
humidities and sharpest temperature contrasts are found tlie 
frequency of fog is the largest. 

There is no eiicleiice that any such crossing of moist air 
currents from the soutli over cold lower currents from the 
east, as C'layton observed a t  Blue Hill, generally attends the 
formation of fog along the L4tlniitic fog belt; the Weather 
Bureau fog nncl weather records seein to indicate the contrary. 

Tliere is no question about the accuracy of the Blue Hill 
ol)servations, and they are not a t  all in conflict with the fore- 
going theory of fog formation. L4n overflowing current from 
the south would not interfere with the bringing in of fog froin 
tlie C+eorges or Sable I s lan~l  fog lmiks 1)y easterly winds, and 
i t  might intensify tlie condensation a t  the bounding surfaces, 
but  it is not easy to see how there coulcl he any b 6  churning " 
throughout the lower layer while the wariiier current is on top. 

There reiliain many cases of fog (though a siuall percentage 
of the whole number) unaccounted for. I n  the vicinity of tlie 
(franc1 Banks for the period May, 16N-December, 1688 (when 
the W E ~ T H E H  RETIEIT gives tlie number of fog days for each 
month ), the winds were in the south and east quadrants of 
lows on !)I per cent of the fog days. Of tlie remaining 9 per 
cent, 2 per cent of tlie fog clays had winds from tlie colder 
regions; the other 7 per cent had varia1)le winds, wind nortli- 
east, and wind direction not stated. 

For the region west of the Grand Banks the data are not 
specific enough for a precise computation of tlie ratio of north 
ani1 west winds to those froin the soutli and east, 011 fog days. 
It is evident, however, that  the percentage of  fog with north 
and west minds is considerably larger in this region (west of 
60" west) than for the vicinity of the Grand Banks. It is, 
perhaps, as much as 10 per cent. 

I t  is noticeable that this class of cases is larger during the 
summer inonths when the tropical surface waters are farthest 
north; and also that these cases increahe relatively to the 
wliole nuiuber of fog occurrences where the contrasts of tem- 
perature are likely to  be sharpest, though only a t  exceptional 
times during the warm months. 

Fogs with these northwesterly M in& usually occurred im- 
mediately following the passage of lows to the eastward. It 
is not easy to  conjecture exactly how the observed conditions 
conspired to produce this vlass of fogs. The editor of the 
WEATHER RE\ IEN attributed the condensation to " the contact 
ljetween cold northerly winds to tlie west of lows ancl the 
warm, humic1 air from the (fulf Stream that had been collected 
in that region by the winds preceding storm centers." 

The winds of a cyclone usu:clly veer graduslly, so that  there 
is little opportunity for air from any special region within the 
influence of the storm to accumulate iii any other region, and 
in general there is in R low no well-defined liounding surface 
separating bodies of air having marked contrasts in tempera- 
ture and iiioisture. When a depression takes the V or trough 
shape the contrasts itre shnrp, ancl i t  is conceived that for a 
short time after the shift of wiiicl to the west ancl north the 
conditions mould be fixvorable to fog condensation, bu t  they 
woulcl be transient. 



OCTOBER, 1903. MONTHLY WEATHER REVIEW. 471 

That the conditions attending fog formation during this 
shift of wind are exceptional and pronounced is evident from 
the fact that  in nearly all cases of fog formation attending the 
passage of a cyclone the fog is dissipated upon the shift of 
wind to the west and north. 

According to  von Bezolcl: 
The fog above warin, moibt surfaces, uniler t lie influriice o f  rol i lw 

air, therefore, especially the fog over the heil in the i.oli1 siwsiiii o f  the 
year or during the occiirreuce of  cold winds, m i ~ y  Le c~iusitlercrl a5 origi- 
nating by misture .~  

But for the authority of the eminent physicist, one woulcl 
be inclined to question whether fog llanks of considerable 
depth and perinaiiency are forued over the ocean in this 
manner. 

In  air mixtures the cooler component dries tlie moister one 
while i t  cools it. The difference in temperature may be large 
enough to overcome the drying effect; but the cloucl formed 
is likely to be transient, as seen in the momentary contlensa- 
tion of the breath on a frosty niorning. Suficiently large 
contrasts in temperature are usually wanting under ordinary 
weather conditions; and there is the dificulty of miiiiig two 
large, unconfined bodies of air of different temperatures ant1 
humidities to be overcome. 

Notwithstanding some discontinuous motion a t  their mcet- 
ing surfaces two contiguous air currents liaviiig different di- 
rections or velocities slip lly each other with much ease ancl 
are little inclined to mix. Moreover in the reported cases of 
fog banks the existence of such counter currents is lint usually 
noted. 

I n  case of a cold wind blowing across the surface of warin 
water, there is apparently little or 110 condensation l y  mixture 
of air masses. The process, as observed a t  this station hy tlie 
writer, seems to be somewhat as follows: The vapor e\ aporates 
a t  the warm water surface directly into the cold air current 
ahove, nncl is immecliately condensed. By reason of its snialler 
specific gravity, clue either to the va1)or or to warmth from the 
water or both, the thin cloud of fog riseh slowly, mixes with 
the drier air, aiid is snept  to leeward, evaporating in whole or 
in part. Thus, the effect of whatever iiiixture occurs iii such 
cases is to dissipate rather than t u  condense the fog. 

Evidently the aniount uf m p o r  nioiiientarily e r a p r a t e d  is 
too small to create ~ n u c h  of a cloucl unless it be allowed to 
accnmulate, and this is  preyented by tlie wind. Tlie more 
moderate the breeze the more vapor will be taken up per unit 
volume by the overflowing air. Rut in any event the volume 
of nioist nir must be small in coniparisoii with the drier air 
above, and i t  will, therefore, be quickly evaporatecl if the two 
become thoroughly mixed. 

Tlie details of the conditions attending the foriuatiun of the 
fogs with north and west winds are not sufficiently given in 
the WEATHER REVIEW suniniaries to permit confident c*ouclnsioii h 
to be drawn as to the precise operation of tlie cituses nLicli 
produce the fog cloud Tlie volmiie ant1 persistence of tliese 
cold-wind fogs are not statetl. except that they are n(Jt S O  

dense as the fogs which form with sontli and e;ist wintls. 
To hazard a conjecture, i t  is, perhaps. not impossi1)le that 

this class of fogs is formed boiiietliing as follons: The ~ a t e r  
over the shoals being for soiue reason abiiorinally ~variii, the 
cwstoniary condensation of fog cloes not take place while the 
winds are from a southerly direction. Tliese wariii \\ intls 
raise the temperature of the water still higher, SO that when 
the wind shifts to northwest i t  finds evaporation uncommonly 
rapid. If t8he winds from this quarter should happen to  be 
exceptionally cold, all the conditions would far or conclensa- 
tion near the surface which might be sufticient in amount to 
resist for a tinie the clryiiig whicli usually attends northwest- 
erly winds. 

Translatcd by B b l ~ ,  1)age 385 of his hIc.chauic.Ls of tlir Earth’s .Itiiios- 
yhere. 

- ~~~ ~~ ~ ~~~ 

I n  the case of the San Francisco Bay fogs i t  is difficult to 
understand how mixture and coiidensatioii a t  tlie bounding 
surfaces of a moving body of air 1500 feet deep ancl several 
miles wide could be sufficient in amount to iiiake so large a 
volume of fog, and to keep i t  replenishecl and uncliminishecl 
in size, while i t  is being continually swept away at  the ve- 
locity of 82 miles an hour. 

The history of the North American fog belt suggests the 
possibility tliat an inquiry into the temperature conditions of 
the coast and offshore waters of C’nlifornia might throw light 
upon the fogs of Ban Francisco Bay. 

There remain to Le considered a few cases of fog of mother 
class, viz, high barometer fogs. It \vas noted above that dur- 
ing the two simmer seasolib: of the Buzzards Bay observations 
no case of fog was found with a high barometer, but the 
\VE.kTHEri REVIEW summaries show a few such cases on the off- 
shore banks. They are all in colder months of the year, soiiie 
with east and south winds, some with west to north winds, 
and soine with variable minds. The details are mostly lacking. 

The sindl number of fog occurrences with high pressure 
shows that uiider exceptional conditions the horizontal coiii- 
ponents of the wiiitls may be so much inore iiiiportant than 
the vertical components that the nir niay be cooled by hori- 
zontal trniislation enough for coiidenhatioii in spite of the 
clrying efirot of a niotlerate downwart1 inovement. 

The main factors in the caiisation of the North Atlnritic fog 
belt seem to have been settled by the inlestigations of the 
Weather Bureau allove nientionetl. They :we sumniecl up  in 
Weather Bureau Bulletin A t h m :  

Tlir f ~ ~ g h  are apparently ilue to the 1ir~ci1#itation I J ~  ailtienu> \ alior vipn- 
tnineil in  warm air fro iu  ovvr the  c h l f  Stream, m 1 i i c - h  i \  rlra\\ii o\vr t l ~ e  
c w l r l  \urfact, o f  the arctit. crirrviit and ice fie1115 11 ~ritht~ily wi i i i l s  tjf thc  
cha.;tc.rn iluatlrants of area5 o f  l ow 1jr1 

This lenves uiie\ihined sonie I J f  the ntteiitliiig local phe- 
noiuena, ncitalily the clirisioii of the fog lielt into patchw of 
maxiiiiuiu frecluency tending to 1 ~e persistent ( J W ~  certain re- 
gions ( the ( h t u i l  B:tnks. Sable I h n d  Ea&, C+eorges and  
N:intuc.ket slioalh), but sometinies sliiftiiix their locations and 
us~ially uiideryoing coiitinuou5 changeh in Hize. 

On the (+riciid Banks, Ly reason of the preseiice of the liar- 
row Labrador current close to the slic~re aiicl tlie fluatin:: ice. 
the slinrpe<t surface teiuperature gradients of the Atlantic are 
found, and this a1mnJantly accouuts for the l’ersisteiit forinn- 
tion of tlie fog in this region. 

There is a similar tliough less strong tentlencyof fog iuaxiiun 
to l’ersist over the Sable Islantl Bank ancl the (+eorgw null 
Nantucket shoals; ani1 i t  is not at  uuce obvious wliitt iiiakes 
tlie naterb of these slioals colder than tlie water in tlie htrnitr 
or deel’h of the ocean which extend shoreuar(1 hetn eeii tliese 
badih. tliougli this is doubtless the fact. I I n j o r  I)lllnlJOt1y 
hays i t  is h e  tu the ‘ b  forciiig to the surface o f  the colil, tlee1)- 
flioning w:lter?r o f  tlie arctic currelit;” h i t  he (lues not esl’lain 
the process. Lieutenaiit Pillshiiry think5 tlie low teiilpratiire 
oyer tlie shoals “ i s  p01~:tbly clue to the c*ciltl water f rmi  the 
outside Leiug forced 011 tlie shore 1)p tlie :cdx ancing titlnl iui- 
pulhe.”3 Eut  why tlie mariu surface nnter does not coine in 
with the tick as well as tlie cold naters frimi the tleeps i5 not 
explained. iior how the tidal male is trauhforiiietl iuto a cur- 
rent iii water\ *.froiii 40 to SO fat l ioiu” deep. The course of 
the L a b i d o r  current d o n g  the coasts ) f  the Prnvinces aut1 
eastern New E n ~ l a n ~ l  woulcl seem to suf-ficiently account for 
the low temperature of tlie mater over the coiitinental shelf. 
the chief question being ah to the cause of the higher surface 
teiiiperatures freqnently occurring in the deeps which divide 
tlie shelf into separate banks and shoals. 

On a schematic chart of the Deutsche Seewarte, showing the 
cnrreiith in the (fulf  of St. L a ~ r e i i c e  aiid \ iciiiitj . tlie nittin 

8Gulf Strtmii Investigations, p. 5%. 
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current in CalJot Strait between New Foundland and Cape 
Breton Island is southward; but  an eddy or countercurrent 
is sliomii running back northward along the western coast of 
New Founcllanrl and then recurving into the maiii outwsrd 
current from the Gulf. This eddy current would carry warm 
water northward, niaking a bight in the surface isotherius, 
alii1 thus separating the Grand Banks from the Sable Island 
Banks by a tongue of higher teiiiperature. Possibly there 
]nay be a circiilatioii of water in the Bay of Maine wherely 
currents of wnriii water divide the Georges Shoals froin the 
Salile Island Bank on the east nncl from the Nantucket Shoals 
on the west. 

The cleeli narrow arms o f  the sea extendiiig into the Bay of 
IInine and the ( i d f  of St. Lawrence froin the south between 
these lJanks and shonls are suggestive of the possi1,ility of 
such currents, and tlieir effect ~vould be to divide the waters 
of this region iiito thernial districts corresponding in general 
with tlie observed loci of fog niasiina. 

East sncl west tlie distribution of fog ought to follow pretty 
closely the variation of water temperatures, when the winds 
are southerly. But north and south the distriliution Trill (le- 
pend largely upon the winds which carry it, along. 

If the division of the fog belt into local maxima over the 
Nantucket ani1 Cieorges Shoals aiitl tlie Sable Islantl Bank is 
clue to currents in the straits or narrow deeps between thew 
shoals, the currents caii not be continuous in time or constant 
in direction; for fog frequently estentls across these deel) 
straits making an unbroken belt; itiicl in some iiiontlis there ih 
a maximum of fog ocviirrence directly over tlie large deep in 
the bays of Nniiie and Rlassachusetts, and alho one over CabOt 
Strait deep. This would indicate a cessntiou or i~ reversal of 
the currents a t  times. The data a t  hantl are not suficient to 
sliow whether the bhiftiiig of fog from tlie sho:tls to the deeps 
and back again is systeiuatic. 111 dldition to the teiideiicy o f  
the fog belt to break 111~ east and west into limtl areas \lliicli 
are not constant, escept oxer the Ciraiid Banks. there is a per- 
sistent tendency of the frequency to increase to the iiortliwnrcl. 
the lines of equal perc*entitge of frequency running east and 
west. with tlie line of iilasiiiiiiiii frecpency skirting the coaht 
of Maine and the Provinces close inshore. Tlie Seewarte 
charts show ai1 increase of frequency shoreward froiu 10 to 
50 per cent in April, 10 to (i0 iter cent in May, aiicl 10 to '70 
per cent in June. In J~i l>-  the liue of mnsiiiiiiin freiluency is 
soiiiewhat offsliore, decwasiiig both to the north aiicl to tlie 
south. I n  every other moiitli tlie percentage increases going 
north. 

UndouhtedlY the vater  is coltlest where fog is most frecluent; 
but the cause of  tlie shiftiiig al)out of tlie coltlest water areas 
is not apparen t. 

111 the opiiiioii of dlc.saiitler Agassiz ' tlie longitrtdiiinl cold 
bands at  the surf:rce o f  the Ciulf Streaiii current " have no 
regularity, an11 oiily relweseiit a t  aiip given nit riiieiit the uii- 
ceasing conflict going ( J I ~  1)etuet.n layers of water of different 
velocities and of different temperatures." Here tlie arctic 
curreiit directly unclerruuh the wariii water froiii tlie Tropics. 
How far inshore the cciiiflict est,enclh cnu not l ~ e  statetl; but  
oliservations of ocean surface tempernt,ures in tlie fog belt 
show coi1sider:tl)le changes from day to  clay. ant1 &ffereiicrs o f  
sei era1 degrees on the saiue clay lietween statioiis near eavh 
other. 

Most fog 1)anks are sliallow, niicl the wiiicls which contribute 
to their foriliation need to be substailtially horizontal for con- 
siderable rlistaiices. Tlie frecluent lack of such 1iorizoiit:tl air 
inovenleiit clue to vertical coiiiponeiits o f  1urJtioii (n-liich nre 
usnally uiinoticed), am1 the wsiit, of uniforiiiity in the teaiper:t- 
ture and moisture relations of the oft'shore waters esl)lain tlie 
apparent capriciousness of tlie B~ izza r t l~  Bay hiiiuuier fogs, 
wltich SI)  iiitiwess tlie c.itsual olwener. 

ot tilt. Blake, 1,. 2-54. 
~~ 
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A PHOTOGRAPH OF LIGHTNING AT HAVANA, CUBA. 
E;) W. C. lib,\ P R E I L  1, Is\ i \ tnut  0 1 w i \ r 1  Weather Burrnu. al.itetl Or4olDer 19, 1W3 

I have the honor to forward a photograph of lightning 
taken in this city Septeiiiber 16, 1903, a t  lo:% 1). 111. (Havana 
time ), b y  Sefior Jose Cioiuez, a profehsional photographer of 
this city. Seiior Goiiiez htatrs that the shutters of his camera 
had been lJ1)eU about five seconds wheii a very vivid flash of 
lightiiiiig compelletl him to shut his eyes, and at the saiue 
time pressed the bnlb which closed the shutters. He thinks 
that the two proiiiiiient streaks of lightning. shown in the 
picture, occurred either exactly together or  withiu a fraction 
of  a secoii(1 of enoh other. 


